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(54) METHOD AND SYSTEM FOR CONTROLLING TRANSMISSION POWER 



(57) A method and a system for controlling transmis- 
sion power which recover a target SIR calculated on a 
terminal station side from a state where it has become 
excessively large to a state where the target SIR is nor- 
mal as quickly as possible are provided. In a system for 
controlling transmission power where transmission 
power at a base station is adjusted according to a power 
control signal received from a terminal station, the ter- 
minal station is configured with error detecting means 
for outputting an error detection result in a received sig- 



nal, reception quality estimating means for generating 
a received SIR (signal to noise ratio) obtained from the 
received signal, reception quality averaging means for 
outputting a target SI R by averaging output signals from 
the reception quality estimating unit, reception quality 
setting means for generating a target SIR from the re- 
ceived SIR and the error detection result, and power 
control signal generating means for adaptively generat- 
ing the power control signal from the received SIR and 
the target SIR. 
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TECHNICAL FIELD 

[0001] The present invention relates to a transmission power control method and system, and in particular, to a 
transmission power control method and system wherein a terminal station (receiving side) monitors a situation where 
a base station (transmitting side) is not following instructions to increase power and a situation where the base station 
is not following instructions to decrease power, and in the former situation, a power increase rate is increased, and in 
the latter situation, a power decrease rate is increased. Similarly, in the present system, a receiving side of the base 
station monitors situations where the terminal station is not following instructions to increase power and situations 
where the terminal station is not following instructions to decrease power, and the system is applicable to a transmission 
power control method and system for controlling transmission power of the terminal station. 

BACKGROUND ART 

[0002] In radio communications systems such as W-CDMA and cdma 2000 which are attracting attention as third 
generation cellular phone systems, as one example of a system for maintaining a constant reception quality, there is 
a transmission power control method which adjusts transmission power such that reception quality is held constant. 
In these systems } a closed loop power control which controls transmission power of a base station by instructing a 
transmitter of the base station to decrease transmission power when reception quality measured at a terminal station 
exceeds a predetermined threshold, and by instructing the transmitter of the base station to increase transmission 
power when the reception quality is not greater than the threshold. 

[0003] FIG. 1 is a block diagram of a typical base station in a W-CDMA cellular phone system. FIG. 2 is a block 
diagram of a conventional terminal station in the W-CDMA cellular phone system. FIG. 3 is a diagram showing a signal 
transmitted from the base station to the terminal station, where pilot data is inserted into each time slot by time multi- 
plexing. 

[0004] A transmission power control method at the base station is described hereafter. First, a method for controlling 
transmission power of the base station based on a power control signal from the terminal station is described with 
reference to FIG. 1 . Data information including the power control signal transmitted from the terminal station is trans- 
mitted to a power control signal extracting unit 1 07 via a transceiver device 1 03, an RF unit 1 04, a reverse spreading 
unit 105, and a demodulating unit 106, after being received by an antenna 110 of a base station 100. At the power 
control signal extracting unit 107, only the power control signal is extracted. At a power controlling unit 108, whether 
the extracted power control signal is "1" or M 0 M is determined. When it is determined that the extracted power control 
signal is "1 , M a variable output amplifying unit 1 02 is adjusted so as to decrease transmission power by a predetermined 
fixed value (1 dB, for example), and when it is determined that it is "0," the variable output amplifying unit 1 02 is adjusted 
so as to increase transmission power by the predetermined fixed value mentioned above. An inputted modulated- 
spread-RF signal 101 , has its transmission power controlled at the variable output amplifying unit 102, according to 
the power control signal from the terminal station as described above, and is transmitted to the terminal station from 
the antenna 110 via the transceiver device 103. 

[0005] Next, a transmission procedure for the power control signal which the terminal station transmits to the base 
station is described with reference to FIG. 2. A pilot signal transmitted to a reception quality estimating unit 205 and 
an error detecting unit 207 via a transceiver device 201 , an RF unit 202, a reverse spreading unit 203, and a demod- 
ulating unit 204 after being received at an antenna 21 3. 

[0006] At the reception quality estimating unit 205, as shown in FIG. 3, a signal interference ratio (SIR) is estimated 
and outputted, as shown below in an equation (1 ), using pilot data which have been transmitted from the base station 
to the terminal station by means of radio time slots. 



1 N 

Sir = EU- 

N 1 N ( i ) 

ZCppj-^EpTjD) 1 U) 

i N i 

p[ ] in the equation (1) above is time multiplexed pilot data, and N is the number of the pilot data included in the 
slot. Also, the numerator of the equation (1 ) indicates a pilot signal level, and the denominator indicates an interference 
signal level which is obtained by subtracting the pilot signal level from the entire reception level. 
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[0007] The estimated received SIR is compared at a power control signal generating unit 206 with a target SIR which 
is to be set by a reception quality setting unit 208 described later. When the estimated received SIR level is higher than 
the target SIR, "V is outputted, and when it is lower than the target SIR, "0" is outputted. The power control signal 
outputted from the power control signal generating unit 206 is inserted into a transmission signal 209 at a power control 
signal inserting unit 210 by means of time multiplexing, and is transmitted to the base station from the antenna 213 
via a spreading unit 211 , a modulating unit 21 2 and the transceiver device 201 . 

[0008] On the other hand, the error detecting unit 207 performs error correction on the data received from the base 
station for each encoding block unit (10, 20, 40 or 80msec) : and transmits an error detection result to the reception 
quality setting unit 208. 

[0009] FIG. 4 is a flowchart showing processes of the reception quality setting unit 208. The reception quality setting 
unit 208 comprises an adjusting amount calculating unit 820 and a target SIR adjusting unit 840. The adjusting amount 
calculating unit 820 generates an adjusting amount to increase power at the base station when the error detecting unit 
207 detects an error, and generates and outputs an adjusting amount to decrease power at the base station when the 
error detecting unit 207 does not detect an error. 

[0010] When the adjusting amount calculating unit 820 determines, in a step S821 , that the error detection result 
received from the error detecting unit 207 shows that there is an error, it calculates an adjusting amount of the target 
SIR by the following equation (2) in a step S822. 

Adjusting amount = (1 - target BLER x adjusting size) (2) 

[0011] On the other hand, when the adjusting amount calculating unit 820 determines, in the step S821 , that the 
error detection result received from the error detecting unit 207 shows that there is an error, it calculates an adjusting 
amount of the target SIR by an equation (3) in a step S823. 

Adjusting amount = - target BLER x adjusting size (3) 

[0012] Next, in a step S841 of the target SIR adjusting unit 840, the adjusting amount obtained at the adjusting 
amount calculating unit 820 is added to an immediately preceding target SIR using an equation (4) below. 

Target SIR [n] = target SIR [n-1] + adjusting amount (4) 

[0013] Here, the target SIR [n] is a target SIR outputted from the reception quality setting unit 208 at a moment n. 
And the target SIR [n-1] is a target SIR outputted from the reception quality setting unit 208 at a moment n-1 (immediate 
precedent, so to speak). And the target BLER is a target block error rate of the received data. This value varies de- 
pending on the service, and is notified from the base station to the terminal station before call connection. For example, 
for a service allowing retransmission with respect to packet transmission, 0.1 is chosen, and about 0.02 to 0.03 for 
audio communication. Further, the adjusting size is a predetermined fixed value, and is chosen to be about 0.5 dB. 
Here, incidentally, since adjustment of the target SIR is performed by block units as described above (every 10, 20, 
40 or 80 msec), the movement is slower than the base station transmission power control which is updated with each 
time slot (0.667 msec). Further, the adjusting amount obtained in the step S822 is a positive value, and the adjusting 
amount obtained in the step S823 is a negative value. Accordingly, when using the adjusting amount obtained in the 
step S822, it functions to increase transmission power at the base station side, because the target SIR increases from 
its immediately preceding value. Also, when using the adjusting amount obtained in the step S823, it functions to 
decrease the transmission power at the base station side, because the target SIR decreases below its immediately 
preceding value. Thus, the base station ' transmission power control depends solely on the error detection results of 
the received signals at the receiving side. 

[0014] FIG. 5 is a graph showing the change in target SIR over time with respect to base station transmission power 
control. In FIG. 5, the horizontal axis indicates time, each scale represents 10 ms, and the vertical axis shows a relative 
power level (dB) of the target SIR. In FIG. 5, the target BLER in the equations (2) and (3) are assumed to be 0.1 , for 
example, and the adjusting size is assumed to be 0.5 dB, for instance. In this case, the adjusting amount in the equation 
(2) is (1 - 0.1) x 0.5dB=0.45dB : while the adjusting amount in the equation (3) is - 0.1 x 0.5dB = - 0.05dB. Assuming 
that a time interval between [n] and [n-1] is 10ms, for example, when it is determined that there is an error, the target 
SIR increases by 0.45dB every 10ms. When it is determined that there is no error, the target SIR decreases by 0.05dB 
every 10 ms. Thus, as shown in Fig. 5, when it is determined that there is an error, the target SIR [n] increases rapidly, 
and when it is determined that there is no error, the target SIR [n] decreases, but the extent of decrease is smaller and 
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more gentle compared to the case of an increase. 

[001 5] The power control signal generated at the power control generating unit 206 based on the target SIR obtained 
by the process mentioned above is transmitted from the terminal station to the base station. When power control at 
the base station is able to follow the power control signal, a normal power transmission control is performed, and the 
power at the base station becomes closer to the power corresponding to the target SIR of the terminal station, and 
stable power transmission control is performed. 

[0016] However, in fact, the transmission power of the base station is finite and the maximum transmission power 
and the minimum transmission power transmitted from the base station are limited by the number of terminal stations 
present in a ceil, and hardware limitations. Therefore, cases where the transmission power of the base station cannot 
follow instructions of the power control signal from the terminal station may arise. Problems which may arise in such 
cases are described in detail below. 

[0017] FIG. 6 is an illustration showing an example of a positional relationship between a base station and a moving 
terminal station. In the figure, it is assumed that the terminal station moves in a direction of a zone A -> a zone B -> a 
zone C. The terminal station is assumed to receive radio waves directly from the base station in the zone A, to receive 
waves reflected off a building 13 as radio waves from the base station are blocked by a building 14 in the zone B, and 
to return to a state where radio waves from the base station can be received directly once again as blocking by the 
building 14 is resolved. 

[0018] FIG. 7 is a graph showing a relationship between transmission power of the base station and the target SIR 
of the terminal station when the terminal station moves through the zone A -> the zone B -> the zone C. In FIG. 7, 
since power control is being performed normally in the zone A, both the target SIR value and the transmission power 
of the base station are small. When the terminal station enters a space between buildings in the zone B, because it is 
affected by shadowing, and errors in the received signal increase at the terminal station, the target SIR increases 
continuously. Following this, the base station tries to increase transmission power, but because the base station is 
insufficient in power resource, transmission power saturates at around -13dB. Thus, because the received power at 
the terminal station does not increase, the received SIR received at the terminal station cannot reach the target SIR. 
Therefore, reception quality at the terminal station worsens, errors in reception blocks occur frequently, and the target 
SIR further continues to rapidly increase according to equation (2). 

[0019] When the terminal station enters the zone C, it exits the space between the buildings, and reception is per- 
formed under favorable conditions as in the zone A. However, at this point, because the target SIR calculated at the 
terminal station is a value significantly higher than the SIR actually needed, the terminal station requests the base 
station to output excessive transmission power. On the other hand, as in the zone B, because the base station is not 
able to output transmission power above or equal to -13 dB, transmission power maintains a saturated state at around 
-13dB. Since the terminal station is receiving excessive power from the base station, a state where no error occurs in 
the received data continues, and the target SIR tries to return gradually to the SIR actually needed. However, as 
described above, when the target BLER is small in the equation (3), because it takes time for the target SIR to return 
to the SIR actually needed, excessive base station transmission power is transmitted to the terminal station over an 
extended period. Because in a system of a multi-cell configuration such as cellular phones power transmitted by one 
base station becomes interference to another cell, there is a problem in that when the base station transmits excessive 
power, the bandwidth of the entire system deteriorates. 

[0020] Similar situations may also occur when the number of users in a cell changes rapidly, and the maximum 
transmission power value allocated to each user changes. 

[0021] Also, while a situation where the target SIR becomes excessively high is described above, when the minimum 
power at the base station is limited, the target SIR required by the terminal station becomes excessively low in a similar 
fashion. For example, when a propagation path quality rapidly worsens due to effects of fading or the like, it becomes 
impossible to transmit a power control signal for increasing the base station transmission power. In such a case, there 
is a problem in that received data significantly-worsen, and call connection cannot be maintained. 
[0022] Phenomena described above occur not only when the terminal station controls the transmission power at the 
base station, but also in the case of uplink power control where the base station controls the transmission power at 
the terminal station. 

[0023] Also, although in the present embodiments cases in which the equation (2) and the equation (3) are used as 
calculation methods for the target SIR are mentioned, similar problems arise in all algorithms where a target BLER is 
adjusted by using the difference between an actual BLER and the target BLER. 

DISCLOSURE OF THE INVENTION 

[0024] The present invention has been invented in consideration of the above-mentioned problems, and its object 
is to provide a method and a system for transmission power control, which recover a target SIR to a normal state as 
quickly as possible from a state where the target SIR calculated at a terminal station side has become excessively large. 
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[0025] To achieve the above-mentioned object, in a transmission power control system where transmission power 
at a base station is adjusted according to a power control signal received from a terminal station, the present invention 
is configured such that the terminal station comprises error detecting means for outputting an error detection result of 
a received signal, reception quality estimating means for generating a received SIR (signal to noise ratio) obtained 
from the received signal, reception quality averaging means for averaging outputted signals from the reception quality 
estimating unit to output an average received SIR, reception quality setting means for generating a target SIR from 
the received SIR and the error detection result, and power control signal generating means for adaptively generating 
the power control signal from the received SIR and the target SIR. 

[0026] Further, the reception quality averaging means of the present invention is configured to generate the average 
received SIR by averaging the received SIR'S over a frame period. 

[0027] In addition, the reception quality setting means of the present invention comprises base station power control 
status monitoring means for finding the difference between the average received SIR and an immediately preceding 
target SIR, and monitoring from the difference a state where the base station is not following instructions to increase 
power and a state where the base station is not following instructions to decrease power; and adjusting amount cor- 
recting means for increasing a power increase rate when the base station is not following instructions to increase 
power, and for increasing a power decrease rate when the base station is not following instructions to decrease power, 
and is configured to generate the target SIR according to the adjusting amount from the adjusting amount correcting 
means in a situation where the base station is not following instructions to increase power and in a situation where the 
base station is not following instructions to decrease power. 

[0028] Further, the present invention is configured such that, during call connection of the terminal station , it generates 
the target SIR while assuming that the base station is in a state where it is not following instructions to increase power 
or that the base station is in a state where it is not following instructions to decrease power 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0029] 

FIG. 1 is a block diagram of a typical base station in a W-CDMA cellular phone system. 
FIG. 2 is a block diagram of a typical terminal station in a W-CDMA cellular phone system. 
FIG. 3 is a diagram showing a signal, in which pilot data is inserted into each time slot by time multiplexing, trans- 
mitted from a base station to a terminal station. 

FIG. 4 is a flowchart showing processing by a reception quality setting unit. 

FIG. 5 is a graph showing changes in a target SIR over time with respect to base station transmission power control. 
FIG. 6 is a diagram showing an example of a positional relationship between a base station and a terminal station 
which is moving. 

FIG. 7 is a graph showing the relationship between base station transmission power and a target SIR at the terminal 
station in a base satation power control method. 

FIG. 8 is a diagram showing an apparatus configuration of a terminal station of an embodiment of the present 
invention. 

FIG. 9 is a flowchart showing processing at a reception quality averaging unit of an embodiment of the present 
invention. 

FIG. 10 is a diagram showing an apparatus configuration of a reception quality setting unit of an embodiment of 
the present invention. 

FIG. 11 is a drawing showing a process flowchart of a base station power control status monitoring unit of the 
reception quality setting unit of an embodiment of the present invention. 

FIG. 12 is a drawing showing a process flowchart of an adjusting amount calculating unit, an adjusting amount 
correcting unit and a target SIR adjusting unit in the reception quality setting unit of an embodiment of the present 
invention. 

FIG. 13 is a graph showing the relationship between base station transmission power and a target SIR at the 
terminal station in a base station power control method of the present invention. 

BEST MODE FOR IMPLEMENTING THE INVENTION 



[0030] A transmission power control system of the present invention is described below. FIG. 8 is a diagram showing 
an apparatus configuration of a terminal station 500 as an embodiment according to the present invention. In FIG. 8, 
the terminal station 500 comprises an antenna 21 3, a transceiver device 201 for separating transmission waves from 
reception waves, an RF unit 202 for processing received signals, a reverse spreading unit 203, a demodulating unit 
204, a reception quality estimating unit 205 for estimating received signal quality, a reception quality averaging unit 
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520, an error detecting unit 207 for performing error correction on received frame data and error detection, a reception 
quality setting unit 530 for calculating a target SIR, a power control signal generating unit 206 for generating a power 
control signal which adjusts base station transmission power, a power control signal inserting unit 210 for processing 
a transmission signal, a spreading unit 211, and a modulating unit 212. The terminal station 500 of FIG. 8 has the 
reception quality averaging unit 520 and the reception quality setting unit 530 added to a terminal station 200 shown 
in FIG. 2. Other elements are the same as the elements of the previously described terminal station, and therefore 
descriptions are omitted. 

[0031] Below, operations of the terminal station 500 of the present invention are described with reference to FIG. 8. 
In FIG. 8, a transmission signal transmitted from the base station is received via the antenna 213, the transceiver 
device 201 , the RF unit 202, the reverse spreading unit 203, and the demodulating unit 204 of the terminal station 500 . 
With respect to the received signal, a received SIR is estimated at the reception quality estimating unit 205. An esti- 
mation method for the received SIR is given by the foregoing equation (1). The estimated received SIR is compared 
with a target SIR at the power control signal generating unit 206. When the received SIR is lower than the target SIR, 
the power control signal generating unit 206 outputs M 0 M which instructs the base station to increase transmission power' 
When the received SIR is higher than the target SIR, the power control signal generating unit 206 outputs "1" which 
instructs the base station to decrease transmission power. The outputted power control signal and the transmission 
signal 209 are time multiplexed at the power control signal inserting unit 210, and are transmitted to the base station 
via the spreading unit 211 , the modulating unit 212, the transceiver device 201 and the antenna 213. In the present 
invention, the target SIR is calculated at the reception quality setting unit 530 according to an error detection result 
within a data block, which is an output from the error detecting unit 207, and according to an average received SIR, 
which is an output from the reception quality averaging unit 520. 

[0032] FIG. 9 is a flowchart showing processing at the reception quality averaging unit 520. Hereafter, the processing 
at the reception quality averaging unit 520 is described in detail. As shown in FIG. 9, the reception quality averaging 
unit 520, in a step S601 , can obtain a frame SIR which has received SIR'S outputted with every slot (0.667 msec) from 
the reception quality estimating unit 205 averaged within a frame. Further, in a step S602, an average received SI R is 
obtained by interframe averaging of frame SIR's with an IIR filter. By performing interframe averaging as such, instan- 
taneous change components of propagation characteristics can be eliminated. Here, a is a coefficient satisfying 0<a< 1 
and is determined in view of various environment conditions and system status. 

[0033] Next, processing at the target reception quality setting unit 530 is described in detail. FIG. 10 is a diagram 
showing an apparatus configuration of the reception quality setting unit 530. The reception quality setting unit 530 as 
shown in FIG. 10 copmrises a base station power control status monitoring unit 810, an adjusting amount calculating 
unit 820, an adjusting amount correcting unit 830, and a target SIR adjusting unit 840. The average received SI R from 
the reception quality averaging unit 520 and the error detection result, which is an output from the error detecting unit 
207, are inputted into the reception quality setting unit 530, and a target SIR processed and calculated by the base 
station power control status monitoring unit 810, the adjusting amount calculating unit 820, the adjusting amount cor- 
recting unit 830, and the target SIR adjusting unit 840 is outputted. 

[0034] Hereafter, processing at the base station power control status monitoring unit 810 of the reception quality 
setting unit 530 is described in detail. The base station power control status monitoring unit 810 obtains the difference 
between an immediately preceding target SIR and the average received SIR, and through that difference monitors 
situations where the base station is not following instructions to increase power and situations where the base station 
is not following instructions to decrease power. 

[0035] FIG. 11 is a process flowchart of the base station power control status monitoring unit 81 O of the reception 
quality setting unit 530. As shown in a step S811, an SIR difference is obtained from the average received SIR [n] 
inputted to the reception quality setting unit 530 according to the formula " immediately preceding target SIR - average 
received SIR." This SIR differential value is an index indicating whether or not the reception quality is following a qu ality 
set by the terminal station, and is inputted into next steps S812 and S816, and a followance status of the base station 
power control is detected. A larger absolute value of the SIR differential value indicates a lower followance of the 
reception quality. 

[0036] In the step S812, if SIR difference < lower threshold, that is, in a situation where the base station transmission 
power does not become lower than a requested value, a lower threshold counter is updated (step S81 3) , and when et 
count of this counter is equal to or greater than a predetermined lower threshold count value, that is, when this situation 
continues successively for a period equal to or greater than that indicated by the threshold count value, u.mode=1 
(lower mode = 1) is set (step S815), and the process jumps to a step S832 of FIG. 12. In addition, if SIR difference = 
lower threshold, that is, In a situation where the base station transmission power is lowered to the requested value a 
lower counter is reset (step S81 4). 

[0037] On the other hand, in the step S81 6, if SIR difference > upper threshold, that is, in a situation where the base 
station transmission power has not increased to the requested value, an : upper threshold counter is updated (step 
S817), and when a count value of this counter is equal to or greater than a predetermined upper threshold count value 
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that is, when the situation continues successively for a period equal to or greater than that indicated by the upper 
threshold count value, o_mode=1 (upper mode = 1) is set (step S819), and the process jumps to a step S836 of FIG. 
12. In addition, if SIR difference = upper threshold, that is, in a situation where the base station transmission power 
increases to the requested value, an upper counter is reset (step S818). 

[0038] Next, processing at the adjusting amount calculating unit 820 to the target SIR adjusting unit 840 of the re- 
ception quality setting unit 530 is described in detail. FIG. 12 is a drawing showing a process flowchart from the base 
station power control status monitoring unit 820 to the target SIR adjusting unit 840 of the reception quality setting unit 
530. First, the base station power control status monitoring unit 820 of FIG. 12 is described. The adjusting amount 
calculating unit 820 has the same configuration as is conventional, generates an adjusting amount which increases a 
power increase rate in a case of a situation where the base station is not following instructions to increase power, and 
generates an adjusting amount which increases a power decrease rate in a case of a situation where the base station 
is not following instructions to decrease power. At the base station power control status monitoring unit 820, whether 
or not the error detection result inputted from the error detecting unit 207 has an error is determined in the step S821 , 
and if it is determined that there is an error, the adjusting amount is set to "(1 - target BLER) x adjusting size" in the 
step S822, while on the other hand, if it is determined that there is no error, the adjusting amount is set to target 
BLER x adjusting size" in the step S823. In other words, when there is an error, a positive adjusting amount is set, 
while when there is no error, a negative adjusting amount is set in the steps S822 and S823, respectively. 
[0039] Next, the adjusting amount correcting unit 830 is described. The adjusting amount correcting unit 830 receives 
a mode status from the base station power control status monitoring unit 810, and generates a corrected adjusting 
amount. In a processing step S831 of the adjusting amount correcting unit 830, when a positive adjusting amount is 
inputted from the step S822, an error non-detection counter (which counts the number of times data blocks are correctly 
received consecutively) is set to "0" (reset), an error detection counter (which counts the number of times errors have 
occurred in succession) is updated and o_mode is set to "0" (reset). Then, in the step S832, it is determined whether 
o_mode is "1" or not, and if it is "1", the adjusting amount is set to "(1 + error detection count / downward correcting 
value)". In other words, in the processing step S832, a state where an error has occured even though the received 
SIR is higher than the target SIR, that is, a state where the target SIR must be increased more rapidly than usual is 
detected, and in the processing step S833, the target SIR adjusting amount is increased according to the number of 
times errors have occurred in succession. The downward adjusting value, which is a parameter herein, is a predeter- 
mined value, and is one which determines a converging speed of the target SIR. 

[0040] On the other hand, when a negative adjusting amount is inputted from the step S823, the error non-detection 
counter is updated and the error detection counter is reset to "0," and o_mode is set to "0." Then, in the step S836, it 
is determined whether o_mode is "1" or not, and if it is "1 M , the adjusting amount is set to "(1 + error non-detection 
count / upward adjusting value) (step S837). In other words, in the processing step S836, a situation where no error 
occurs even though the received SIR is lower than the target SIR, that is, a situation where the target SIR must be 
decreased more rapidly than usual is detected, and the target SIR decrease amount is increased according to the 
number of times error free states have occurred in the processing step S837. The upward adjusting value which is a 
parameter herein is a predetermined value, and is one which determines a converging speed of the target SIR. 
[0041] Next, the target SIR adjusting unit 840 is described. The target SIR adjusting unit 840 selects either the 
adjusting amount from the adjusting amount calculating unit 820 or the adjusting amount from the adjusting amount 
correcting unit 830, and generates a target SIR by adding the adjusting amount to an immediately preceding target 
SIR. As for selection of the adjusting amount, when it is determined No in the steps S832 or S836 of FIG. 12, that is, 
when o_mode=0 or u_mode=0, the adjusting amount from the error detection result is selected. 
[0042] At the target SIR adjusting unit 840, in the step S841 , the adjusting amounts inputted from the step S833 and 
the step S837 are added to the target SIR [n-1], or the adjusting amounts generated at the step S822 and the step 
S823 are added to the target SIR [n-1], and are outputted as a target SIR [n]. 

[0043] As described above, in the present embodiments, by measuring the difference between the average received 
SIR and the target SIR, an occurrence of a situation where the base station is unable to follow the target SIR required 
by the terminal station is detected, and by varying the adjusting amount of the target SIR depending on the error 
occurrence condition thereafter, an optimal target SIR is obtained more rapidly and optimal base station transmission 
power control becomes possible. 

[0044] FIG. 1 3 is a graph showing fluctuations in target SIR and changes in base station transmission power when 
the present control method is employed. Compared with the drawing showing changes in base station transmission 
power as indicated in FIG. 7, by applying the present invention, it can be seen that the target SIR rapidly converges 
to an expected value in the zone C, and that excessive power transmission time is shortened. 
[0045] Also, in actual communication situations, since the target BLER and the corresponding target SIR vary de- 
pending on conditions of propagation paths, it is difficult to set an accurate target SI R at an initial state of call connection . 
Therefore, at the initial state of call connection, by setting initial values of o_mode and u_mode of FIG. 12 each to 1 , 
it is possible to execute the step S833 and the step S837 mandatorily, and thereby converge the target SIR to an 
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expected value rapidly. 

[0046] In addition, processing at the terminal station is described herein based on the assumption that the base 
station transmission power is controlled, however, with respect to power control, uplink power control where the trans- 
mission power of the terminal station is controlled is also realized in a similar method. In such a case, the base station 
of the present embodiment operates as the terminal station, and the terminal station operates as the base station 

INDUSTRIAL APPLICABILITY 

[0047] According to the transmission power control method of the present invention, by measuring the difference 
between the target SIR estimated at the receiver side and the average received SIR, it becomes possible to detect an 
occurrence of a situation where the base station is not able to follow the target SIR requested by the terminal station. 
[0048] Further, upon detection of the above situation, by changing the adjusting amount of the target SIR according 
to the occurrence status of received data errors, the optimal target SIR value can be obtained more rapidly, and optimal 
transmission power control becomes possible. 

[0049] By performing optimal transmission power control, an excessive emission of transmission power of the base 
station or the terminal station can be prevented, and interference with other cells or other users can be reduced. 
[0050] In addition, an excessive reduction in transmission power of the base station or the terminal station can be 
prevented, and degradation of reception quality can be reduced. 

[0051] Further, at the initial state of call connection, the optimal target SIR value can be obtained mandatorily and 
rapidly. 



Claims 

1 . A transmission power control method where transmission power of a base station is adjusted according to a power 
control signal received from a terminal station, said transmission power control method comprising: 

a step for generating an average received SIR given by averaging received SIR'S (signal to noise ratios) 
obtained from a received signal over a predetermined period; 

a step for generating an SIR difference value by calculating a difference between said received SIR and a 
target SIR; 

a step for generating a first adjusting amount for said target SIR according to said SIR difference value; 
a step for generating an updated target SIR by updating said target SIR based on said first adjusting amount; 
a step for generating said power control signal based on a comparison result between said received SIR and 
said updated target SIR; and 

a step for transmitting said power control signal to said base station. 

2. The transmission power control method of claim 1 , characterized in that said average received SIR is generated 
by averaging said received SIR over a frame period. 

3. The transmission power control method of claim 1 , characterized in that, in said step for generating said first 
adjusting amount, whether or not said base station is following instructions to increase and decrease power is 
monitored based on said SIR difference value. 

4. The transmission power control method of claim 3, characterized in that, in said step for generating said updated 
target SIR, said updated target SIR is generated such that when said base station is not following instructions to 
increase power, a power increase rate is increased, and when said base station is not following instructions to 
decrease power, a power decrease rate is increased. 

5. The transmission power control method of claim 4, characterized in that, in said step for generating said updated 
target SIR, said updated target SIR is generated with an assumption that at a time of call connection of said terminal 
station, said base station is not following instructions to increase power or said base station is not following in- 
structions to decrease power. 

6. The transmission power control method of claim 1 , further comprising: 

a step for detecting whether or not a received signal has an error and generating an error detection result; and 
a step for generating a second adjusting amount for said target SIR according to said error detection result, 
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and is characterized in that said updated target SIR is generated by selecting either said first or second 
adjusting amount in said step for generating said updated target SIR. 

7. A radio communications terminal apparatus for generating a power control signal to adjust transmission power of 
5 a base station, said radio communications terminal apparatus comprising: 

a reception quality averaging unit configured to generate an average received SIR given by averaging received 
SIR's (signal to noise ratio) obtained from a received signal over a predetermined period; 
an SIR difference value generating unit configured to generate an SIR difference value by calculating a differ- 
10 ence between said received SIR and a target SIR; 

a first adjusting amount generating unit configured to generate a first adjusting amount for said target SIR 
according to said SIR difference value; 

an updated target SIR generating unit configured to generate an updated target SIR by updating said target 
SIR based on said first adjusting amount; and 
15 a power control signal generating unit configured to generate said power control signal based on a comparison 

result between said received SIR and said updated target SIR. 

8. The radio communications terminal apparatus of claim 7, characterized in that said average received SIR is 
generated by averaging said received SIR over a frame period. 

20 

9. The radio communications terminal apparatus of claim 7, characterized in that said first adjusting amount gen- 
erating unit monitors whether or not said base station is following instructions to increase and instructions to de- 
crease power based on said SIR difference value. 

25 10. The radio communications terminal apparatus of claim 9 , characterized in that said updated target SI R generating 
unit generates said updated target SIR such that when said base station is not following instructions to increase 
power, a power increase rate is increased, and when said base station is not following instructions to decrease 
power, a power decrease rate is increased. 

30 11. The radio communications terminal apparatus of claim 10, characterized in that said updated target SIR gener- 
ating unit generates said updated target SIR at a time of call connection of said terminal station with an assumption 
that said base station is in a state where it is either not following instructions to increase power or said base station 
is not following instructions to decrease power. 

35 12. The radio communications terminal apparatus of claim 7, further comprising: 

an error detecting unit configured to detect whether or not a received signal has an error, and to generate an 
error detection result; and 

a second adjusting amount generating unit configured to generate a second adjusting amount for said target 
to SIR according to said error detection result, 

and characterized in that said updated target SIR generating unit selects either said first or second adjusting 
amount, and generates said updated target SIR. 

13. A transmission power control system for adjusting power of a base station according to a power control signal 
^5 received from a terminal station, said transmission power control system comprising: 

a terminal station including a reception quality averaging unit configured to generate an average received SIR 
given by averaging received SIR'S (signal to noise ratio) obtained from a received signal over a predetermined 
period, 

50 an SIR difference value generating unit configured to generate an SIR difference value by calculating a differ- 

ence between said received SIR and a target SIR, 

a first adjusting amount generating unit configured to generate a first adjusting amount for said target SIR 
according to said SIR difference value, 

an updated target SIR generating unit configured to generate an updated target SIR by updating said target 
55 SIR based on said first adjusting amount, 

a power control signal generating unit for generating said power control signal based on a comparison result 
between said received SIR and said updated target SIR, and 

a transmitting unit configured to transmit said power control signal to said base station; 
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a receiving unit configured to receive said power control signal transmitted from said terminal station; and 
a base station including a power control unit for controlling transmission power based on said power control 
signal. 

A radio communications terminal apparatus for generating a power control signal to adjust transmission power of 
a base station, said radio communications terminal apparatus comprising: 

a reception quality averaging means for generating an average received SIR given by averaging received 
SIR'S (signal to noise ratio) obtained from a received signal over a predetermined period; 
an SIR difference value generating means for generating an SIR difference value by calculating a difference 
between said received SIR and a target SIR; 

a first adjusting amount generating means for generating a first adjusting amount for said target SIR according 
to said SIR difference value; 

an updated target SIR generating unit for generating an updated target SIR by updating said target SIR based 
on said first adjusting amount; and 

a power control signal generating means for generating said power control signal based on the comparison 
result between said received SIR and said updated target SIR. 
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FIG.4 
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FIG.9 
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FIG. 10 
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FIG.1 1 
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